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CRVOPRESERVATION COMPOSITIONS AND METHODS FOR 
PERIPHERAL BLOOD LYMPHOCYTES 

The invention was made at least ;n part wish a grant from the 
Government of (he United States of America (grant P91-HD32652 from the 
National I nsti tutes of Health}: The Govenuaeflt may have certain, rights to the 
invention. 

Background ,of JhUaaaattioB 

i yj sphocyic have been studied extensively :ot U\ treatment of solid 
tumors and vara! infections, as an adjuvant to hone marrow transplantation, and 
,o fKamnuoi^ m i v it-, D.m mud e^ o mni ao in <pj. tnd < 

for the treatment of melanoma and renal ced carcinoma focused on lymnhok! re- 
activated killer (LARD cells or tumor inchoating lymphocytes fills) 
(Rosenberg, 1985; Rosenberg, 1987; Rosenberg, 1988), cytotoxic I lymphocytes 
have been used for the treatment of AIDS (Koenig, 1995; Torpey, 1993; drieketp 
1998). and donor lymphocyte infusions are used after allogeneic bone marrow 
transplant to enhance grafioamsnsdeukerma effect and to reduce the potential for 
relapse (Kolh, 1 997). Furthermore, genetically modified peripheral blood 
lymphocytes (PBLs) have been used in clinical trials for the treatment of severe 
combined immune deficiency caused by adenosine deaminase (ADA) deficiency 
(Blaese, 1995 ). and a variety of other lymphocyte-based therapies have been 
proposed, including transducing lymphocytes with the herpes simplex virus 
(US Hhynfidine kinase (TK) suscid it 11 t o m r * 
transplantation (BoninL 199?) and the introduction of cytotoxic T lymphocytes 
{CT1..S} that roc gnize specif n < 1 man al andgens (Kawakanu, 1998). 

Cryopreservation of cells that have been expanded and manipulated ox 
vivo is important for the clinical application of cell-based therapies. 
Cryopreservation facilitates pi lingo cells n read t tfserapei ic dose ihd 
fa in tu saiet\ leslmj- olbodu v e J o odmt md m\ i> ~h su I \ 
i scombnumt \ iral < eetors ot iiposom e o. h\e; - 1 en eh used to eeuetica'h 
modin th<. w Is ItuDmm , m ■. n< i i ummo f j m un i 
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ceils for therapeutic use may require days to weeks; for completion of the ex vivo 
culture protocol eryopreservation facilitates ■■the coordination of cellular therapy 
with donor care. 

hi the method mo&t commonly used tor she eryopreservauon of bone 
5 marrow, peripheral blood lymphocytes (PBLs) are resuspended in a 
cryopreservation medium containing 10% dimethyhndtbxide (DMSO), 
autologous plasma and Hank's balanced salt solution ("Rowley, 1994: Tnekett 
1998) and cooled at PC/minute. A second method involves freezing 
lymphocytes m a 20% glycerol solution supplemented with autologous serum 

1 0 (Axeman, 1 9SS), resulting in increased cell viability over the standard DMSO 
protocol. Glvcefobhased cryopreservation solutionis have also been reported for 
hematopoietic progenitor cells (U.S. Parent No. 5,?59 } *?o4», however, glycerol 
has lower permeability, which increases the chance for cell loss from osmotic 
stresses Although Oliver et at. (WO 97/35472) relate to a combination of 

15 arabsnogalactaii and cell culture media as useful as a cryopreservation medium, 
the data was obtained from cell lines, not primary cells. 

DMSO cryopreservation involves the risk of DMSO -associated toxicity , 
particularly where cell transfer therapy is involved. For example, Zarobelh et al. 
(1998) evaluated the infusion-related toxicity of transplanted cryopreserved ceils 

20 and determined that the amount of DMSO present m the grab is related to the 
grade of toxicity. Davis et ah (POO) found that almost ah patients who received 
cryopreserved autologous cell grabs exhibited dyspnea (83%), decreased heart 
rates {98%), and transient hypertension (96%). which were attributed to the 
infusion of DMSO. Oliguric renal failure and second degree hear! block were 

25 less frequently observed. Similar results were observed in a study by Stroncek ei 
ai. (1990, who found that irrfosiomreiated reactions, principally nausea and 
hill \ i^ iss c t:e< vithtT i kmtatiot >i t op I >one nart w. 

Moreover, in pediatric patients, higher levels of nausea, vomiting, cardiac 
irrl Omn H ft iiton on jemmd dfowm rimpgm! t eneptes^n ed 

30 booem, rov {Okamot 1995 Mmm mo ? i i mnhnu hi tiju t span th 
infusion of multiple doses of eel! maregula >as;s h toxi effec 5 of r Af\t ) 
can he cumulative 



2 



WO 01/45503 



id! SGO IT VI 



tide develop >< ri >ns js not the onh issue m the 

development of cryopreservation protocols for lymphocytes which are used 
therapeutically Receni todte ndkat thai < i r; < euitun tfiuences the 
freezing response of cells. For example, studies of in vitro cultured 
5 hematopoietic progenitor cells arid lymphocytes indicates that water transport 
and intracellular ice formation characteristics of the cells is influenced by in vitro 
culture (i label 1999), Specifically, subzero svatei transport characteristics of the 
ceils and postthaw viability were influenced by f ane in culture. 



10 and useftn for achieving the desired viability rates for cryopreservation of cells 
for cellular therapy. 



The present, invention provides a eryopreservadon medium for 
hematopoietic cells which incorporates A balanced electrolyte solution with at 

1 5 least one cryoproteetive agent thai Is arabmogalaeian (AG), or a biological or 
functional equivalent thereof: The cryoproteetive agent(s) is present in the 
eryopreservadon medium in an amount effective to promote a high survival rate 
for the eryopreserved cods Preferably, the medium does not comprise DMSO or 
serum, although purified protein, e.g., human serum albumin, may. optionally, 

20 be included . In one embodiment of the invention, the cryopreservation medium 
does not comprise protein. In yet another embodiment of the cryopreservation 
medium of the <m <. mot t ! medium ann-^i, >,m u<d ■ e . tr« t •-< s « to 
about 20%, preferably about 0.75% to about 10%. more preferably about } % to 
about 6%. and even more preferably about 1% to about S%. vol umfo volume 



x d t , x , ai u t i o < Mi ihu > udl i.twi < 
arahlnogaiactan, jsolaied from a plant source such as from trees of the genus 
lerix, preferably with a purity greater than 95%. The molecular weight of the 
trabino ilactan in one mbodimem rangt nun d ait 000 to 2,50f >>> > 
30 preferably from about 10.000 to about 50,000 and more preforahh from about 
15,000 to about 25,0* 1 Preferred amounts of arabinogaiaetan arc thout I h to 
tbonl 4o< 3 n ore preferabh thout S' 0 u o< a 35* b, md even more prefer hh 
about 10'' , io about 10%, uv'ght per \ohmt :|w \ } \s used herein, 



Thus, what is needed is a cryopreservation composition that is nou-toxic 
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irabmogal * biological or a functional eq * i thereof- adudesan 
agent thai til i tet 1 pt > tl . m md lacks the 

cytotoxic effect observed n the j m eo DMSO thus 4 to aiaetan, a 
biological or U» i ' i < 

5 synthetic arabm- >gik«tun. portions of aralnnogaiactari, such as degradation 
products, and chemically (including those disclosed w U.S. Patent Nos. 
^4 «7u and ^ i >o 1 ch<e f 'Kinon .cdDN-e iem> 1 ietn)m 
biochemical!} modified arabinogslactan or po uoiu t jreofsd eh have been 
modified using methods available in the an. which are effective in a somatic cell 

!0 cryopreservation medium io protect somatic ceil Viability properties upon 
freezing and thawing of somatic cells in the medium. A "high survival rate" 
means that at least about 40%, preferably at least about 50%, more preferably at 
least about 60%, and even more preferably at least about 80%. of cryopreserved 
cells are viable upon thawing. The invention therefore provides a means to store 

'i 5 and transport cells, e.g., adult hematopoietic cells such as lymphocytes, or fetal 
or neonatal hematopoietic stem or progenitor cells, which permits physicians and 
patients in rural areas or iomsgo countries to benefit Son cellular thex-inics, and 
provides the opportunity to test donor cells lor infectious agents. 

Preferred hematopoietic ceils for cryopreservation include peripheral 

20 blood lymphocytes, e.g.. freshly isolated lymphocytes, activated, e.g., 

biologically activated, lymphocytes, or genetically modified lymphocytes, or 
stem ceils, although the cryopreservation medium of the invention may be 
employed with any primary ceil or cell tine, in addition to arainnogalactan, a 
biological or a functional equivalent thereof the cryopreservation medium 

25 preft m , ttve ig nt that penetrate th cell 

membrane N m lei iyo 11 n ! c. - 1 comprise a 

cryoproteetive agent other than .u % migalactan or a biologica! or a functional 
equivalent thereof which does not penetrate the cell membrane. 

In m in u . i so nu.tipm (ot stiitablt fi dmtmstraeon to 

3d a human. The composition comprises a suspension of cehss e.g.., hematopoietic 
est h ti n icryopre t \ itn i turn c< nous u ilnhixu eleettolvtc -.mm on 
with at least one cryoproteetive agent that Is arabmogaiactam or a biological or a 
si mooo d eui \ Je; deem, i ' < K o i > ton * onum^ hefv .en 
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about 1 x Ur to 5 x Iff ceHs/mh If is preferred that the composition Is 
infusible. 

Also embodied by the present invention is a method for preserving 
hematopoietic cells by contacting the cells with a cryopreservation medium 
5 comprising a balanced electrolyte solution and at least one cryoprotective agent 
that is arabmogaiactan, or a biological or a functional equivalent thereof, to yield 
a cell suspension, which is subsequently frozen to yield a frozen eel! suspension. 
Further provided ts a frozen cell-containing composition prepared by toe above 
described method 

Figure 1 depicts percent cell recovery as a function of arabmogalactan 
(AG) coneemratior! for .PBLs frozen at 5 0 C/minave in a solution containing 
iseove's Modified Dnlbecco's Medium (1MDM; Sigma, St Louis. MO) f 1% 
glycerol x%AG Error ba i die standard deviation of th« 

i S measurement. 

Figure 2 illustrates percent cell recovery as a function of human serum 
albumin (USA) concentration for -PBLs frozen at SXbimnute in (1 ) 25% AG 
with or without 1% MSA, and (2) 25% AG and 1% glycerol with or without 1% 
H.SA. Error bars indicate the standard deviation of the measurement. 

20 Figure 3 depicts percent ceil recovery tor PBLs from a normal donor 

crvopreserved m a solution containing 3 v/vvo glycerol 15 w/'v% AG with 
5.MDM or'NonnosohR™ as th ha fths r> preservation so lions Ilu f.dP 
were frozen at a t t s > nute 

Figure 4 shows perceni recover)" tor PBLs hum normal donors 

25 eryopresened in solutions containing 15 w/v% AG ■;■ x v/v% glycerol * I'M DM 
as a function of cooling rate. Error bars indicate the standard deviation of the 
measurement 

Figure 5 .illustrates perceni cell recovery for PBLs horn normal donors 
v. vopicscn j !> i d hi«mui an tbismtG ' d, McSt> a dm c 
30 i n hi- { mmtu i > < > " G alveerol 15 \ h.-\ rmo 1 MM 
8 s t mute Error feu ndicate xtu standard deviation of th ra- tm vnt 
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The terms 'Infusible''' or 'Infusible-grade'" refer to compounds, 
chemicals, solutions, compositions, mediums, agents, proteins or suspensions 
5 that are known to be safe, or have been determined to be safe for human use, 
e.g., by injection or infusion, and have preferably been approved for human 
infusion or injection by a United Staves regulatory agency, e.g., the FDA. 

The term "balanced electrolyte solution'- refers to balanced salt solutions 
composed primarily nonorganic salts. 'They contain no antimicrobial agents. 
10 Balanced .salt solutions are used for fluid electrolyte replacement therapy, 
washing tissues and cells and as diluents for treating cells and tissues with 
iawtx (oo v ad to m nmu igns > > d o i -.id o_ ,< u p <_vuu 
tag! n ic i o 1 base solutions \ m ii scope of the i uititu include, 
hut are not limited to, lactated Ringer's solution, PlasmaLyte-A™ Normosol- 
1 5 R**\ Veen-D TM , Polysal®, plasma expanders such as 5% Ocxtran 40, IMDM. 
and Hank's Balanced Salt Solution (free from phenol red). 

The term "cryopreservaticm medium" refers to a liquid medium (solution 
or suspension), capable of preserving structure and metabolism of isolated cells 
against injury associated with freezing events either within or exterior to the cells 
20 and that is safe tor Infusion or injection into humans. The term further refers to a 
medium (solution or suspension} containing components, including 
eryopreservauoo agents, also determined or known to be sate tor human infusion 
or injection. 'Preferably, the medium (solution or suspension), and agents, 
components or elements of the medium are approved by a United Stales 
25 regulatory agency tor infusion or injection into humans, e.g., histidnie (50 ruM). 

"Cryoprotechve agents" are agents that are capable of conferring a degree 
of cryoproteetion to ceil structure and metabolism upon freezing. Cryoprotecuve 
agents within the scope of the invention include arabinogulaetan and biological 
raid functional equivalents thereof glycerol, propylene glycol, and albumin, e.g.. 
3.0 human serum albumin, plasma or serum. Agents such as DMSO and Ficolb 

I OOU., l 5n — <■ b- >iO m 1 . r. i j w uUuMtdt 

eryopreservaiion medium (somTsoiis or suspensions) of the present invention, 
b 
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fhe term stem cell" or 'lies n e i 

of blood cells enriched in piunpotent cells which are uncommitted to a particular 
ceil lineage and therefore retain die ability of self-renewal and the ability to 
differentiate into a specific lineage, such as '"committed progenitor cells", t,c. 
5 lymphoid si in ells hich mature into 8 /mpho yu nd T lymphocytes 
myeloid or arythroid stem ceils, which mature into red blood cells, granulocytes, 
monocytes ant! megakaryocytes. Alternatively, stent cells, and other 
hematopoietic cells can be obtained directly from a patient or donor's blood or 
blood forming tissues, e.g.. peripheral blood, bone marrow, or umbilical cord 
10 blood. 

The term "mononuclear cells" refers to any cell found in blood or blood- 
forming tissues with a nucleus winch is not segmented. These cells range from 
very primitive undifferentiated cells to mature ceils, and include but are not 
limited to piunpotent stem ceils, committed and uncommitted progenitor cells, 

15 lymphocytes and monocytes. Mononuclear ceils can be obtained directly form a 
mammalian donor source or ahematn el> uom a blood product source 

The term "physiological ml* refers to a pH, winch is the measure of the 
acidity or alkalinity of a solution or composition, that numerically encompasses 
a neutral mage of about 6.9-7.5. and more preferably about 7.2-7.5, and most 

20 preferably about 7.4-15. 

The terms "tissue culture media components" or 'V e |! culture media 
components" refer to known components of tissue or cell culture media. Such 
media include R.PMf 1640, 1M DM, AIM -5, X-VIVO 10. a MEM and other 
kriuntw cui tnd i jUure ienowi to the art These media, m 

25 addition to the usual small molecules, usually contain one or more specific 
proteins that most ceils require m order to survi ve and proliferate in culture. 
These include growth factors that stimulate cell proliferation, and transferrin, 
winch carries iron into cells. Several of these components are not safe for human 
ueamn m rlmt r e pben i ;,g. o mm uhibu ml ^ aiad 

30 U i tn m sH> <mi f i \ teiets > u %m'mln\ oraemttv of stem 

ceils, mononuclear cells and other hematopoietic ceils removed from or 
eonta ned wnhm a m<memion m inmr moon uwdiim dut 1 ,p t unmmone 
a freez^thnw m le or \crf. as computed to the \ m'mht) or aetisitt of eel thai 

7 
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have not un rgon fi haw cycle oe event Su h viabilit * etivdy can 
be determined by assays such ax those discussed hereinbelow. Cells having 
ii ss t thaw cycle or event i suspens n in th< > iediahave 
at least about 20% to about 40% viability or activity when compared to non- 
5 kozzn cells, preferabl> ibout 4 1 % to about 55 more p e fe Knit 56 > io 
about 70%, and most preferably about ? i % to about 90% viability or biological 
activity. 

The tern; *' viability assay" refers to assays available to determine fee 
viability or biological activity of mononuclear eel Is, stem ceils and other 
10 hematopoietic ceils and the percentage recovery of viable or biologically active 
ii t 1 Ji nn >r< tin i t 1 dim *. mo< ei r upr^.H u 

medium after a freeze-tbaw cycle or event. Aitquots from thawed samples can 
be tested in t 1 ) membrane integrity assay using fluorescent markers such as 
aendme orange ("AO") ana propidiimi iodine felTfe (2) a total ceil count assay 
I c via a hemocymmeter, or (3) proliferative capacity in culture, e.g.. m liquid 
culture media or in methvceifelose. 

The term "controlled rate" refers to the temperature and speed, e.g., 
ri C/muiute, a cell suspension is cooled after nuefeation of the extracellular 
medium or solution. 

20 "Freeze-thaw cycle or event" refers to subjecting a cryopreservaiion 

medium containing a suspension of mononuclear cells., stem cells: and other 
hematopoietic ceils io a cooling or freezing method: protocol or regime at least 
mce, and tin 1 iecung it to a v nirig or thawing method 

protocol or regime. 

■25 The term "cell suspension" refers to a population or concentration of 

mononuclear cells, stem celis or other hematopoietic cells m a eryopreservation 
medium in either a liquid or frozen state. 

The present invention provides a unique non-toxic eryopreservation 
on pcMtmn compn urn i vfe i c 3 i d i ; iu-,lia f <- mOameuVxof 
3.0 uiiiog the composition A composition ol the invention rot use in the present 
imcnnociMs d~,-Mn% J m uou t l i ii | n >akOK P* merofeane ^uch ■* 
fur example glycerol o o;op\ teae eP .01 Sml o-vemoiecuve agents arc 
V u vn i h se >i skill ii! i) v a A it it th n cut < i 
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however, is a cryopreservation medium with at least oneciyoproiecbve agent 
ikM does net penetrate the cell membrane. Preferably, the cryopreservation 
composition does not include DMSO or « mixture of proteins, e.g., serum. 
One class of polysac h nde m ludes arabinogalactans. 

5 Arahinogalactaos are obtained from the cell walls of certain plants, particularly 
the Vmerieai Western larc (lark >■ mnahs) ^rahmogalact i 1 in Weslerj 
larch has previously been used as a binder, stabilizer, and eraulstfier in foods. 
Arabmogalactaa derivatives and products are described in Jung et al. (U.S. 
Patent Number 5 4~157o5 and \dsms ct al \\ S Patent Number 5 \ lo.omo and 

Q are included within die scope of "arabtnogaiactan, and biological and functional 
equivalents thereof." 

Using arabinogalactan, the invention provides a non-toxic 
ctyopreservafion medium for hematopoietic ceils. The medium includes a 
balanced electrolyte solution, the balanced electrolyte solution being composed 
of an appropriate concentration of sodium, potassium, and chloride to maintain 
tiorni.il osmolality., which incorporates the cryoptotective agent amhmogaiaefam 
and may incorporate one or more other eryoprotective agents. T he medium can 
be used for preserving a variety of cells, including peripheral blood lymphocyte, 
The cells may be freshly isolated lymphocytes, stem cells, activated 
lymphocytes, genetically modified lymphocytes, or a combination thereof 

The invention also provides a composition including a suspension of 
hematopoietic cells in a eryopreservation medium, the cryopreservation medium 
being a combination of a balanced electrolyte solution and at leas! one 
eryoprotective agent, including arabtnogalactan or a biological or functional 
equivalent thereof The hematopoietic cells may be peripheral blood 
lymphocytes, isolated lymphocytes, stem cells, activated lymphocytes, 
genetically modi bed lymphocytes, or a combination thereof from any mammal, 
particularly a human, or a bovine, canine, feline, ovine, murine, porcine, caprine, 
or equine The composition can be month v. and preferably does not contain 
DMSO Pmmuhh <>< hi!) nl „ ^.iutm , d >< -> no m<. uidv pm u n 

nor is the one or more cryonreservative agents composed m whole or in part of 
protein. 
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In the method of the present invention, hematopoietic or other cells are 
ciyoprcservcd by contacting, e.g., resnspending, the ceils with a cryopreservation 
medmm of the invention to yield a cell suspension* The ceil suspension is then 
frozen, using techniques such as those described below. The ceils to be 
S contacted include, but are not limited to, freshly isolated lymphocytes, stem 
ells bioio; ieaifj s todifted iympho ytes, e % act cated lymphocytes, 
genetically modified Kmphocyies, or a combination thereof from mammalian 
blood or other tissue, particularly from human blood or tissue. 

The invention also provides a frozen composition formed of a balanced 

1 it electrolyte soon. on m eooibioafioo with at least one ciywpwiieetive agent and 
hematopoietic cells, e.g., peripheral blood cells or bone-marrow derived cells. 
The frozen composition can be formed by placing die hematopoietic cells m 
admixture with the balanced electrolyte solution and the at least one 
u)opiotec'i\e apem. < <j afuO <• ; J , nu o! a mofrpxai n hmetrmrd 

1 5 equivalent thereof 

For cell therapy, hematopoietic cells may be genetically altered using a 
variety of methods known to those of skill m the art. These methods are 
generally grouped into four major categories: (!) viral transfer, including the use 
Of DMA or UNA viral vectors, such as retroviruses t lK > mna lento5im.es) 

20 Simian vims 40 (SV40), adenovirus, herpes vims, alphavtruses, e.g., Smdbis 
vims, sod Ixnone papillomavirus, for example; (2) chemical transfer, including 
calcium phosphate traosiecbon and DP Ah dextran rransrection methods: G) 
membrane fusion transfer , using DNA-doaded membranous vesicles such as 
liposomes, red blood cell ghosts., and protoplasts, tor example: and (4? physical 

25 transfer techniques, such as microinjection, eteetroporatsoa, or direct '"naked" 
DMA transfer. Insertion of one or more pie-selected DMA sequences can be 
A,on; meed n, isom »< <■ _ommn omr <<i in 1 .at . n u m <; dw Dom 
cell genome. The desired gene sequence can also be incorporated into the cell, 
particularly duo Its ntiemns. casing a piasmid expression vector and a nuclear 

30 nmui/aam qictc; Methods j,,, i, b . idem ) th jueku 

h I c n jg criiux he $ (Branden < . U ^i 

Calcium phosphate tramlecuon. which relies on precipitates ofplasmrd 
D\ \ wild ■) < - - can H usee ■ mtuVue*. o. amw DV\ warning ' tmget 

.10 
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gene or polynucleotide imc isolated cells prior to ciwopreservahom Briefly, 
plasmid DA A. is mixed into a solution or c tic i 1 hioi i thei added to a 
mMh 1 vhiebhasbee pi >sphaw d. Onc< pi capitate has formed U, 

sohitjo t s i i\y to cultured ells treatment v* n 1 ^ 1 r glycerol 

5 can be used io improve transaction efficiency, a ad levels of stable traaslectarits 
cm be improved usmg bisdiydrcxyethylamino ethanesalfonate (BBS). 
I mi t i I r < t nt t n j lo l •) i ( ti ti 

cells with the cryopreservative medium of the present 'invention. Calcium 
ph sphatetran fe don vsten ir > 'ram o alb u ible (t 1 Profeeiio 

i 0 from Proniega Corp., Madison, Wfr 

DEAE-dextran tramsfeeiiom which is also known to those of skill m the 
art, may be preferred over calcium phosphate transfection where transient 
tnm&fection is desired, as it is often more efficient. 

Since the ceiis to be cryopreserved are isolated from the body, 

IS microinject n can b ft ive t msfe? ng enetic material into the cells 
Briefly., ceiis are placed onto the stage of a light microscope. With die aid of the 
magnification provided by the microscope, a glass micropipet >s guided into 
the nucleus to inject ON" A or RNA, f his method is advantageous because b 
provides delivery of the desired genetic material directly to the nucleus, avoiding 

20 both cytoplasmic and lysosomal degradation of the injected polynucleotide. 
Where hematopoietic or other progenitor cells are to be cryopreserved. the 
technique may provide enough genetically-altered cells to further expand in 
culture prior to or after cryopreservauon by the method of die present invention. 
Liposomal delivery of DNA or RNA to genetically modify the cells can 

25 be performed usmg cahomc liposomes, which form a stable complex with the 
polynucleotide. For stabilization of the liposome complex, dioleoyi 
pb.osphalidykthanoiami.ne {DOPE} or dioleoyi phosphatidylcholine (DOPC) can 
be added. A recommended reagent for liposomal transfer is LtpofectrnC which 
sc f nes adds wuftble Lmoreu b example isamsstm Am k rm rn 

30 j -,vj N p {2 i dmkoh s on s p\ , \-\ \ a; un! w a mi ooia w n Jc ind 

DOPh Deux et \ of unem DA A . p.aw-ud DA A, u RNA c an \ <t acc< .mphshtd by 
liposomes ana c m pn % sde a<b e sees da a. on h.t i :h a liposome , can cam' 
hrwj t is c«.~> of DA -\ ear- g^neiads ptole. tra pohmtreotnh bnmdcgiad bem 
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md can bi * is or i sue i her deli vet) 

^Wen-rat ! > t > is c nTk ia'U ivadabk 

including Ettectene™ (Qragenf DOTAF ('Roche Molecular Bmchstnicalsy 
f uGene 6™ (Roche Molecular Biochemksls.b and Trans fectam* (Promega). 
5 Catkuuc lipid -mediated gene transfer efficiency can be enhanced by 

incorporating purified viral or celhdu envelope components, such as the purified 
G t? « p? it in of h vesicular stoi rath trus to lope ( } m the 

method described by Abe et al. (1998), 

Viral vectors can be used to genetically alter cells prior to 
10 cryopreservation. Viral vectors can be used to del; very one or more target genes, 
polynucleotides, amisense molecules, or riboeyme sequences, for example, into 
fhoeetk \ mo \eao s nkl methods lot nsms that - i< ddivei H\ \ to cells art 
well known to those of skill m the art Examples of viral vectors winch can be 
used to genetically after cells prior to cryopreservation include, but arc not 

15 hunted to, adenoviral vectors, adeno-assoclated viral vectors, retroviral vectors 
(including lentiviral vectors), alphaviral vectors (e.g., Sindbis vectors), and 
herpes virus vectors. 

Retroviral vectors are most notably effective for transducing rapidly- 
dividing cells, although a number of retroviral vectors have been developed to 

20 effectively transfer D'NA into non-dividing ceils as well (Mochiznki et al 199S) i 
Packaging cell lines for retroviral vectors arc known to those of skill in the art. 
Packaging cell lines provide the viral proteins needed for capsid production and 
Virion maturation of the viral vector. Generally, these include im gag. pot, and 
env retroviral genes. An appropriate packaging ceil line is chosen from among 

25 the known eel! hires to produce a retroviral vector tor transfer of ON A into 
hematopoietic or other cells pnox to (^preservation using the method of the 
present invention. 

Successful transaction or transduction of hematopoietic ceils prior to 
cryopreservation can be demonstrated using genetic markers, in a technique 

30 known to those of skill m the an The green fluorescent protean of Aeqmrex 
rnn >70 for e\a ipk e in pn-,uk an recuse naAu i .i idei t f\n g and 
'racking genen.alp moctok-u '< . tn. toor^tu echs m cell Uansfor 
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Cxyo.piesenrah.aii 

Crvopmservatmn is the preservation of eel; structure and metabolism 
against injury associated with feezing events within or around the ceil. "Natural 
cryoprotecuon can result from adapt; ve metabolism of the organism, with 
5 chants, u lh.da> truceim < >. n <m ion aid m m< nu s i > 

enhanced tolerance of fi v'tii Is hihomiorv experiments when cell viability or 
ultrastruoture arc to be preserved following cooling, two methods are available, 
l.e'r-m i t'ia mi , h apt o ef.p_.nm us fits' m t „ 
wmfed i t, . troi.:n ji facimenmoi ;e. us ,U.d- IK' .tan.! ■> to mcmporau 
10 specific additives, em., cryoprotectivc chemicals or agents, to confer a degree of 
cryoproimion. 

stem cells and other hematopoietic ceils must be performed in sued a way as to 
satisfy two essential criteria. First, the cells must not undergo irreversible 

1 5 damage due to die multiplicity of changes wmcb occur within a sample daring 
cooling. These changes include mechanical damage due to ice formation, ceih 
m t. ell i iM")< uov t- th tkci vase i uw moSume m ail dm and han ^m 
ud is (phi) and salt or ml n concentrations duo to th w u > turn of solute arid 
water. Second, the condition of the sample following coo! me must he 

20 compatible with subsequent thawing end infusion procedures and requires 

specific attention to parameters suet; as sample saw, ice forms created, and die 
urn i d u > i in t Htm uj t n t t t v. r 

criteria, the cryopresen on process present bahme > veen the i$e oi 
cryopreservatson mediums and cryoprotectivc agents, to minimize changes 

25 during freezing by chemically increasing the volume of the see free zone for a 
u i ooh! _ i U nd he n j i ne on i <>< it Jf 
CqcapistiJii . ma I iiim 

1 h p i vs w u it die instant rnvei i t < \ < n 

v i ' a i s 1 1 t t 1 i I ; s m i 1 ji ku get s 

3D solution. ?dasmaLsm~A ™, hum \ V.odtfed frntbeccod Medium. Normosob 
P ,v \ «.tfi D T i h.fvi] an! 11 1 it v f.uiiuus j viliu <in e< ntimsn fc w 
pticnot ed* i KM'te o mmm !om ^ r>> \i u i. it i wmpov! < ' o 
exitueelhd t mam n ban ph\s ut v en J f u d> \o; mosel-h™ ami beow s 
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XiaJsf <.J Pirn tv. <■ \? fin i in ' .f ' oiVe most prtderrcd 
electrons tc h t ns for use n the present invention 

Laeiamd Romei ? iv,utm\ ,i -, ci„, ? iji u >• ut cEetum amende, 
potassium chloride, sodium chloride, and sodium lactate in water auuabk for 
5 injection Lac ned Rtnger olurion contains about 130 mEq/Lner o sodium 
(Na), about 4 rnEq/iher of potassium (K), about 1 09 mEq/liter of chloride (CI), 
si) it ' i I 1 aboui " 

it t g L u of glucose. (Lactated RingeT"s solution is <. mrneruuSK available 
from Baxter, Hyiand Division, Glendak CA, Product No. 2B2073). 

10 PiasmaEy(e-A TM is a nojvpolyraeric plasma expander and contains 

ns u i d> in i i ut t ts in i t to , t <■ t ti id i t ! ur i dam < <. «. 
act contain additional constituents found in tissue culture medium which are not 
approved for human infusion, e.g.. phenol red, or are unavailable in U.S. P. grade. 
Plasma! vte-A fM contains about 140 mho iner ut seuutm (Na> about 5 roBq/lrtef 

15 < 1 potassium <Rt, ibout ? ml q blot m maimesmm (.Mel ibout <E in! o hterof 
chloride (€!), about 3.7 mEq/iuer of acetate, and about 23 mEq/Hter of gluconate, 
i Plasma! ue-V M <s commercially available horn Baxter, ihiaad Eavutom 
Glendak CA, product No. 282543). 

iscove's Modified Dihbecco's Medium (IMDM} ts a stenk solution of 

20 calcium chloride, potassium chloride, and sodium chloride. (IMDM is 

commercially available bom Gtbco, Catalog No. 2 1056, which has no phenol 
red). IMDM contams about ! .5 mEqcL of calcium (Cat, about 4.4 raEq/C 
potassium (K), about So mEq/L chloride (CI), about 1 14 mEq/L sodunn (Na), 
about 0.8 mEq/L magnesium (Mg). and about 2.5 mEql. of glucose. 

25 NonnosoER™ is a sterile solution of magnesium chloride, potassium 

eidoruie, sodium chloride and sodium acetate, and also contains gluconate. 
Normosol-R' m contains about 140 mEq/liter of sodium t\.n 5 mEqditer of 
potassium (Kg 3 mEq/iiier of magnesium (big). 9A rnEq/bter of chloride {CD, 
d' 1 mt q lue> ot t in nU < nst^ tk Od. h t\ - m < M * s 

30 vommcreu. 1 ! v 0 OR i a i \ 1 t. Ituun U PtodaetNe 4 >0""! 

\.v' P™isiStCidc < luti iiu'u. 1 !UfijO> niiL out. -sntit) J.'oriO. 
^aumchlotid, itd-udiun i it ( 1 t iou. 0 >m Emudiuo 
Stdtum <Na), about 4 nd q hut out., cur <Kt xvo r rit^nhq ines ot 
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chloride (Ci) abo 1 3 ml l umfCa » oi delate 

and about 5 m.Eq/liter of glucose. 

i i m d % i i mi umun se cai medi VfiBM") thai is 

mic electro!) solution and contains about 140 mEq/Sueeol 
5 sodium, about 103 mBq/Uter of chloride, about 5 mg'deci titer of calcium, about 
3 rag/deciliter of magnesium, and about 53 mEq/Kter of acetate maintained at a 
physiological pH. (Polysaiah is commercially available bom Cutter Biological 
Emeryville CA). 

Hank's Balanced Sal? Solution (containing no phenol red) P .H.BSS"}> 
1 0 contains the inorganic sails potassium chloride (KG), about 4 g/itten potassium 

about 80 g/Iiter; sodium phosphate dibasic (Na,HPO.p, about 4"5 on; hum and 
glucose, about 1 0 g/'hter. HBSS is buffered with phosphate so that the solution 
mil maintain its physiological pH under atmospheric conditions. For this reason 
13 it is the primary solution used in enzymatic treatments of cells and tissue and the 
final rinse of cells prior to the suspension of the ceils in a complete growth 
medium. (BBSS is commercially available bom Sigma Chemical Co., product 
H-13S7.) 

The eryopreservanon mediums having an electrolyte base solutions as set 
20 forth above are preferably buffered by a buffering agent that has beer! approved 
form vivo use in humans. Preferably, the base is buffered with histidisie, e.g.. at 
about 50 fflM. in the present in vention, the buffering agent is present in an 
amount effective to maintain a cryopreservaiion medium, solution, composition 
or cell suspension ai physiological pH 
25 Cryo t xj Ag&ais 

Cryoprotectrve agents that can he used m the present invention range 
from naturally occurring eryopromc tarns such as ambmogaiactam glycerol, 
propylene glycol and aibumm. Cmoprometive agents can be classified as 
penetrating and non-penetrating. Non-penetrating cryoprotechve agents alter 
30 ih tC t eesim :hn cms m^oim e\o Unl 5 mutum ohcica p mu. 
ci ©protective agents can modi f both he ntraceliulat md the mraceliula 
medium composition. 
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The addition of a cryoproteetive agent to a cell suspension can result m 
cellular damage if not introduced property. It is well known that the addition of 
any solute changes the tonicity of a solution or medium. When cells are exposed 
to a high extra-cellular osmolality, a cell can experience rapid ex -osmosis of 
5 water followed by a slow incorporation of a penetrating cryoproteetive agent doe 
to its lower permeability. Thus, the volumetric changes resulting from hie fluxes 
of water and the addition of a cryopmtertive agent can result in damage to the 
celts- Tissues and intact organs can experience reduced ceil viability and 
biological activity when exposed to sufficiently huge step changes in external 
1 0 osmolality resulting from improper introduction of a cryoproteetive agent i'Pegg, 

Typically, mediums containing cryopreservation agents are introduced 
using step-wise increments of increasing concentration m order to avoid cellular 
osmotic shock associated with single-step introduction or removal. For example, 

1 5 a cryopreservation medium can he prepared by adding a eryoprotective agent to 
first create an "intermediate" concentration and then slowly increased via a slow 
don method or other similar method, to achieve a desired concentration of a 
cryoproteetive agent. Alternatively, a cryoproteetive agent can be added entirely 
by a slow drip method to avoid cellular damage. Additionally, prior to infusion 

20 of a thawed eel: suspension m a medium of the present invention, a 

o\opoteeti c ueo J bt re xn^d h\ hhmm tht mum v binohu 
medium free of cryoproteetive agents until a desired concentration is achieved 
that is suitable for infusion into a patient 

Not only are large increases in a medium or solution's osmolality 

25 potentially damaging, but long term exposure to even low cell concentrations of 
certain cryopreservaoon agents, such as DMSO. at room temperature can be 
lethal f Fahy et a!., 1 990). it is believed a reduction in temperature can suppress 
the kinetics of cell damage associated with exposure to a eryoproteetive agent 
while also suppressing a Topic" pet mention of cryoproteetive agems into a cell, 

30 Utot'.oal u;om l- . , t utt inn r'O urn muotDMbOn 
particular) has been associated unit loss in cell w,;b;w> and activity with 
extended exposure. Studies have quantified specific cellular changes resulting 
from exposut e to a cry opresen anon agent sue h as DMSO 1 hese studies nave 
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showed cellular damage that includes cytoskeietai reorganization, cross-linking 
of nuclear proteins and all t \ a a j ^nd 

can-account for loss In cell viability and activity. The toxicity of 
eryopreservat-on .gem- such as DMSO, has led to the development of the 
5 improved methods described he rem. 

lite primary factors affecting the cryoprotective nature of an agent are 
(a) chemical nature, (h) relative lack of toxicity, (c) molecular size and 
penetrating ability, and <d) interaction with otlur compound-, m the mixture, in 
the present invention h is preferred that only infusible-grade cryoprotective 
i 0 chemicals or agents are employed. Thus, preferred cryoprotective agents of the 
tustan or .u mm m lum ao.hin mia>.u > >\ ceml h\oo> e-tbxi stanch md 
human, semen albumin, as these agents are suitable for infusion or injection into 
humans, e g., infusible grade. 

The physicochermeal effects of cryoprateetive agents are (a) depression 
15 of the equilibrium ireeztog pomt of substrate and cytoplasm on a coihgatsve 
basis, (b) degression of .homogeneous tee nueieat-oo temperature, (c) reduced 
rate of ice crystal growth due to change in (he viscosity and thermal diffusivity 
of the solution, and (d) debydrative effects on cells by osmotic action. 

The action of glycerol has been .interpreted as penetrating and exerting 
20 codigative action within the cells, in the proportion that (he eotligative action of 
glycerol maintains water in the liquid state at temperatures; below OX, an 
increased volume of cellular solution is maintained. This avoids an excessive 
concentration of toxic electrolytes m the non-frozen cellular solution. A similar 
•influence also takes place in the external solution. In tics context, colligattve 
25 action is refemed to as action by m extraneous solute, m iowerme the fnv me 
point of the solution in contact with tee. if enough glycerol is present, the salt 
concentration does not rise to a critically damaging level until the temperature 
becomes so low that the damaging reactions are slow enough to be tolerated by 
the cells. 

30 He r, the used ol eoncentrat r g m ntmpl 

a m 'it-fttp addition or i enmo „1 m J, . e ol ^ , canned an n . j otoet to 
nnnn m e toe m-s ,t cell duet o- not e slue' i o Lspcemd thai mgher cell 
i w h t« canl I d wuh me; hu uetnl Nil ea 
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although higher glycerol concentrations can require additional processing, e.g., 
multi-step addition or removal to a cell suspension and require a slower cooling 
rate. Glycerol is used in the eryopreservation medium of the present invention, 
in a concentration of about 0.5% to about 20%, preferably about 0.75% to about 
5 10%, more preferably shorn 1% to about 6%, and even more preferably about 
1% to about 5%. 

hfon-penetrating cwvoprotectams vary m size from human serum albumin, 
to i . polvmeric suhstar 2 i> 1 ohdone 
arahmogalactam dextnm and modified starches such as hydroxyethy! starch 

1 0 (HES). It has been suggested that non-penetrating substances act by some other 
means rather thai d it in tl < dligstiv* n chanism des ibed above Tbt ole oi 
larger molecules is believed to be dehydrattve by osmotic action. When a large 
proportion of water is withdrawn from the cells by means of an osmotic 
differential, less bee watei is available kn imracellulai kt crystallisation which 

IS is often identified as a lethal factor. 

Human serum albumin (HSA) is also classified as a non-penetrating 
cryoprotectam. Human serum albumin is a sterile, non-pyrogenic preparation of 
serum albumin that can be obtained by fractionating blood, plasma, serum or 
placentas from healthy human donors The albumin content is not less than 96% 

20 of the total protein. HSA may contain sodium acetytryptophanate alone, or with 
sodium caprylate as a stabilizing agent. The sodium content is not less than 
130 niEq/liter and not more that 1 60 mEq/liter and contains 00 microbial agents. 
HSA is used in a ctyopreservation medium of the present invention m a 
concentration range of about 0.5% to about 12%,, preferably abou t 1% to about 

25 ; 0%, and most preferably about 3% to about 6% 

Stem cells, mononuclear cells and other hematopoietic cells can he 
obtained .from normal human donors stimulated with granu'locyte-colooy 
stimulating factor ("G-CSF"), Donors can be administered G-CSiw for example 
5 - 12 nglm i% a period m I 0 bus and ni „pheRSS product < m then hi 

30 c d etted Cetcnlh an y> m -> p okai s put bed ud sum , n u. nonaUeai 
col's, hum 1 '1 s purification or proces ing i de mm dee i 

tcpamtmj, cehntqimv .md > emirucni m > \hmoues \mf own m tin ait t ,n be 
implemented 
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Alternatively, stem cells, mononuclear ceils and other hem ttopoietk ceils 
can be obtained from other methods empioymg positive and negative selection 
techniques. For example, cells can be obtained from mammalian hone marrow, 
as romhun < bo % natron eg e unmnnon 

5 and FACS procedures as described in Verfadlte et at, 1990 This procedure 
yields ceil popu! » highh enriched in human tern dls which are 
characterized by being Lev CD34*DR'. Other hematopoietic ee!i populations 
having enriched stem cells include die CD34" population disclosed by Civin 
(U.S. Pateni No. 4.714,680), the CD34U CD38' population disclosed m 

10 European paten! application No. 455,482. the population disclosed by 

Tsekamato et a!. (U.S. Patent bio. 5,061,620). See also. Chaoipbm 1995: Noga. 
1992; Preii et at, 1993; Bona MmmM,Svtm .CgH.£mgssaog;A.ManJi2ljrf 
.Content Technique edited by Areman ah P. A. Davis Company (1992), as 
well as a population of CD34 ceils. Upon the isolation and purification of cells, 

1 5 die cells can be added or suspended in the ciyopreservanoo medium of die 
invention. 

Final ceil volume and cell concentration in a eryopreservation medium is 
important in the development of a freezing method for stem cells, mononuclear 
ceils and other hematopoietic celts Previous studies have observed that the 

20 viability of ceils which are frozen arid thawed can be adversely effected when the 
concentration of cells exceed a 20% cytocrit. (Net, 1981). Thus, m the present 
invention, using an approximate cell diameter of 20 orm the final cell 
concentration m a eryopreservation medium shou id not exceed admit 1 x KU 
cells per mi of medium. Additionally, in order to minimize die load on the 

25 cardiovascular and renal systems, it is desirable to reduce the overall volume of 
medium infused into a human patient which requires maximizing the cell 
eon enrratton used Thus stem eel mononitcleaj 3 and f m o topoietic 
ceil suspensions are prepared m accordance with the present invention by 
puo h me a population of ^m n 1 joe punle o m » „ Ji, omu undent 1 on 

30 o terh natop fen ceils ndmte maun the nto ei op-e :n uk i» hi 
hi the pr -cm r,\< i flu ecu on\oit *'pr can aseraec about I \ 10* 1 x 
!0 cells ml of medium, preferably thorn 1 : \ 10" cells mi of medium, ami 
most preferabh about 3 s it 1 ceih ml ■„.£ medium. 

if 
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The selection of a eryopreservaoon medium and a subsequent tec- 
thaw method, so as to result in optimum survival rase of stem cells, mononuclear 
elk u d ot Rt matopoietic ceils r t 

5 of a particular cryopreservation medium influences the cooling rale at which 
maxunum cell survival is observed. Owoproteeiive agents that do not penetrate 
me cell membmne, do not appear to have a strong influence on the optimum 
cooling rate of a cryopreservation medium. Glycerol, however, plays an 
important roie- in the cooling rate at which maximum celt survival is observed. 

fO Normally, cooling rates that are slightly below the threshold cooling rare 

tor intracellular me formation are preferred. Intracellular ice formation can occur 
because there is insufficient ten.- for water to escape hom the cells before the 
contained eel! water freezes. \\ oh eooimg rates that are slightly below the 
threshold cooling rate for intracellular we formation, extracellular ice forms first, 

15 resulting in dehydration of the cell which, together with the presence of the 
cryoproteetant, prevents intracellular ice formation. 

A variety of cooling methods can be used for the cryopreservation of 
stem cell, mononuclear ceil and other hematopoietic ceil suspensions of the 
instant invention. In a preferred embodiment of this invention, the cooling rate 

20 that a cryopreservation medium containing a cell suspension experiences before 
the extracellulai medium ot solution has formed ice, is not a critical factor, a? 
stem cells, mononuclear cells and other hematopoietic ceils do not normally 
exhibit cold shock behavior Howeven once ice formation in die extracellular 
solution has occurred, the ctyopreservahon medium of the present Invention 

25 reprs se ts an mpnw ; nent over current mediums expo ;ed to a variety of 
frecvang methods. As previous [> st 1 fief ion t f i in lb 
extracellular medium, current freezing methods employ a final eooimg rate of 
about foC/mmote, whereas the cryopreservation medium of the instant, invention 
can be cooled at fusUm ♦ma coohng mm, prefombh ah* ut 5 to Orh urn whik 

30 mamtatmng cell ufoOm mJ .ck ng In a ifon Id than comennon 
tt\oo-\ e^ a<mn r ednmw ^v^i H n ,hunu. m • meiu d Cumin 
eryopresm anon mediums, e g . r>\tvh , rammg meimms. tvse many cells 
dunng the frtm tug pmuws arm id man K - sol I natch tow< t ceil voum- hi a. th 

20 
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mediums of the present invention. Although DMSG mediums yield fairly high 
viability yields, the total cell count after a freexe-thaw cycle or event is usually 
low. 

A.n ahei i - nplo> s 

; > controlled cool in prior to the formation of ice in an extracelfula nedium o 
preferred embodiment a population of ceils axe suspended m a cryopreservariou 
mediae at a temperature of about 4 ;J to 37 Ay allowed to equilibrate and then 
cooled in a 5 step method. Step I involves cooling the cell suspension fern 
about <TC to about -8°C at a cooling rate of about - PC/minute. At a 
10 limpet r< t is ) vh k x t o j ^ i id d code* and 

no tee has formed in the extracellular solution. Step 2 involves cooling the ceil 
suspensi n r< a abo 8 ( a about m C , c shj rate 1 il >ut 

una v in - t.^nU <• dm »i u< "iff, u i e a ti M tq 
vobes 'in t i n o > t m< u r < i > ih u i s ( si 

15 warming rate of about |5 a C/minu;e to induce nucleation of the extracellular 

ti n ice crystals fom > h > iai s ttm;i iingii t release 
of the latent heat of fusion. Step 4 involves cooling the eel! suspension at a 
controlled cooling rate of about 1 & to 2bAC/mmute to a final temperature of about 
-bO"C Stej include oobn the usp ts i i intruded cooling rate 
20 about CC mmute to a Unas temperature of about -100°C. 

Any volume of a cell suspension may be subjected to the cooling method 
of the no- niton For example, 1.0 ml of a eel! suspension at a cell 
concentration of about 2 - 5 >; \<f cells/ml of cryopreservarion medium in 
cryogenic vials (Coming Cost at Corporation, Cambridge, MA 02140). or JO ml 
25 of ceil suspension a; a cell concemrauon of about box Iff cells ma of 

- 'opn foil • t htitn i> < j o v \ ^ ' Kie run m u ud„-ed \ On! 
volume of a cell suspension would be typical of that used m die freezing of 
umbilical cord blood or other immunotherapv products. 

be On ! :a a tg t n> >< i mum >t .t e: tspens o< i .-mJ dctertm wa 
30 hydsegias u foo Vi permuroo; ic t>opseset j on medium Thus, ihe 
t Xt 111 kl>! o <. d ti n h usp.nst j t h! odd i 1 

1 ' tmns t n a up unite hit los eel d r medeaa * that thee II 
11 -naiM.i'. s t onemtC-, x.O < s ^ j ^ - J - j . i lemuu i ot the 
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eryopreservauou mediums of the present investor,, Use glass transition 
temperature is between about -70* to -198*C, and preferably about -SO' to - 
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] ricot«rolte< mt n hi <dk t m oU ton >U5>pensi una 
eryopreservation medium exposed fo a fixed low temperature, i.e., thai has been 
pkued m i i ii in m> i ml ■>! Li b c ^^ md temp mmm < 
" 1 n ^ ' < f'hc suspension wii oo! ai a van ho hsy i ru due to heat 
tU' kuh^aWHts ft iic. i nd U k i u> lln> e umati >i oi 
ice in {he extracellular medmm is not commPed, However, it is possible to 
determine from the slope of a temperature versus mm plot, the approximate 
cooling rate a tier the formation of ice in t he extracellular medium, as indicated 
by the release of a majority of die latent heat of fusion which o measured by 
Ihennocouples and recorded on a data logging instrument, e.g.. a strip chart 
recorder. Uncontrolled freezing methods at e popular m a variety of smaller 
hospitals and m Europe, and in a variety of cluneal and military applications. 
Freezing v i t n ceil, \ n\ l\ \ celt and other it * i t u ceil u j u i 
in these situations is typically performed m -8th or - 1 53"<h mechanical freezers 
Biochemical activity of cells is suppressed below -1 53 "C. 




in a preferred t o<h « hrmm cell suspensions are coaled, so thai me crystal 
formation occurs below the temperature dun would cause damage to the cells, 
Once frozen, the suspension is stored below the glass transition temperature of 
the most unstable see font). For amorphous tec. this is preferably below -d&CbC, 
Stern cell, mononuclear cell and other hematopoietic celi suspensions may be 
^'Udnd. ro-h mm n> tinea my 

Pren.Hu. h 1 v, i i j i t of j H c i d i j 

tic di spirioiUBu ,t v Dip mm ai i m tier mh m tl 
t mi t\ t m i ins n\\ it iiiu! i ! i % t m is i ts * i i) \ 
usutti to iiitiuii. > 1 1 t i -u ki iHuiiii.efiJdtinnip nit 

ra.rssufi JtHiiounu t uniiw\i.tk .etc n 'I n a'Ohjpb 
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ihc method. Preferably, the water bath is maintained at a temperature of about 
3?* to 42°Q and most preferably at 37°C. 

in a preferred erabodimem of the invention, a variety of m wmo assays 
5 can be performed in order to assess viability and percent recovery of stem cells, 
m .(.«.«, ieas ceils and ther Hern fopoieik es. is from a e yopreservati< t 
n dmm i pot dimum i el! thwvo omHiku „ wtp t or em . 
suitable means, to ensure even distribution of ceils. Aliquois from the thawed 
suspension cm be removed and assayed to determine: (1 ) membrane integrity of 
I o cells using fluorescent markers, such as acmhne orange (AO) (Sigma, St. Louis, 
MO), and propidmrn iodine (PI) (Sigma, So Louis, MO); (2) total ceil count 
using a hemoeytoraeter; (3) proliferative capability of the ceils m a 
melhylcellulose culture supplemented with cytokines, and; 4) flow cytometry for 
ceils that are CD 34" 45'. 

IS Frozen-thawed samples of stem ceil, mononuclear ceil and other 

hematopoietic cell suspensions in a cryopreservaium medium are mixed using a 
syringe to ensure even distribution of cells, Aliquots from foe samples are 
removed and in vitro viability assays were perforated to assess the viability and 
percentage recovery of eel is. 

' : # To determine membrane integrity using AO/PL 5 ,u\ of eel! suspensions 

are diluted with 95 ui of'IMDM. Equal amounts of cell suspension and AO/PI 
solution were added and the suspension was placed on the hemacytometer and 
cells were counted usmg fluorescent microscopy (Zeiss Axioskop, Germany }. 
Ceils winch fluoresced green were considered viable wherein cells that 

25 fluoresced red/orange were considered dead, By determining the total number of 
cells within a given region oft.be hemocytometer, it was possible to determine a 
1 total cell 

number in a suspension. 

11 deternfo v proliferative cap.il: ilu> <{ah m al qu -5 ot cell 

3d ] i^onsireLO uiu d t -«) > s ;<v 2 mmmes and 1 1 upenuian i 
removea Dm oebet ts ;es ^pemdvo. m MUM m i fmal u-nceuti t K >n >} > 10 
Viable cells/nil Sul equem] 2x 0 md 5 x lCd cell are ddedt i mini 
MuhoCub™ {Stem t J fcehnnlosics \ encomer. SC ), mctln Icelluiose culture 
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medium for cells. The mixture is supplemented with IMDM 4- 2% fetal calf 
serum (Gihco, Grand Claud V* ? mi sed an. » , I nto 35 s 10 mm petti 
dish (Falcon i* N r ? * 1 uHun re then { ed in i misted at 

incub tor for '2 veeks and colony form < med. C domes were 

5 scored tor CFU-GM, CFU-GEMM and BFI.foE ar;d the total number of colonies 
are counted. The total colony numbers for a given seeding density are 
determined. The percentage colony recovery is determined by dividing the total 
number of colonies counted post freeze-thaw by that obtained in the predfeeo.e 
produet lor die same ceil seeding density. 

10 Similarly, experiments are performed on pre- freeze samples as a direct 

control These assays permit a determination of the total viable cell yield ( total 
viable number of colls post freeze-thaw divided by dm iota! number of viable 
ceils pre free?;e-thaw), the ceils expressing membrane integrity, and the 
proliferative capability of the ceils. 

: || The fraction of ceils which expressed die CD 34 antigen may be 

determined for both the fresh samples and .frozeo.hhawed cells. Ceils are stained 
with an antibody for CD 34 (Beckton Dickinson, San Jose, CA) and an antibody 
for CD 45 iDako Corporation, Carpurfena, CA). The fracbon(s) of cells that are 
•CD 34* was determined using flow cytometry.; 

20 The invention will be further described by the following example. 

Methods. 

IsoiaxmMBeaph 

Whole blood units {approximately 450 mi, with heparin anticoagulant) 

25 were obtained from healthy donors through standard venipuncture. Venipuncture 
was performed by the staff of the University of Minnesota Hospital Blood Bank 
Donor Center, with informed consent Com all donors. The entire unit of blood 
was cenfrimged at 4500 g tor 4 minutes at room temperature. A buffo coat was 
prepared b\ extracting (and discarding) the plasma, then collecting 

30 uiproxiroat h 50ml rom the op of the pelkte< ce! » lb bull Ci uw - 
minted with an equal volume of Dulboccox Phosphate Buffered Salme (PBS) 
(Celox Laboratories inc., Sr. Paul Mho. 
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Mononuclear ceils (MN'Cs) were isolated from the samples using density 
gradient purification. Briefly, twenty ml of HisCop&que-l 07? (Sigma Chemical 
Co.. Si, Loins, MO) was added to each of four 50 ml centrifuge tubes. A 25 ml 
aliquot of diluted buffy coat was carefully overlaid. The tubes were centrifuged 
5 at 400 g for 30 minutes at room temperature. Alter discarding the upper layer, 
the band of mononuclear cells were collected by pipette. Cells were washed with 
100 mil cove s Modified Duibccco - Medi im (Sigma) 
Culture and Trmsdmim 

Aliquots of the PBLs from a donor with mucopolysaccharidosis type 0 
\ 0 \ MPS 0 k also known as Hunter's syndrome, were thawed and suspended m 
wash sokttion containing Minimal 'Essential Media (MEM, Gibco) supplemented 
with 1% HSA, 20,000 amis of heparin (Sohem Phannaceuneal NY) and 
Deoxyribonuciease i (DNAse, Sigma). After completion of the wash protocol, 
the cells were resuspended us a culture medium containing (Gibco) 

IS supplemented with 5% fetal bovine serum, 0,4 mM L^iutamme (Gibco) and 
recombinant inier.letJktn-2 (r!L-2, R&D Systems. Minneapolis, MN). On the 
first day of culture only, the ceils were supplemented with OKT3 (Ortho 
Biotech, Rantan, NJ) to a final concentration of 50 ng per ! x W cells. The 
cells were precultured for 3 days in a iuieeeit bag (Baxter Healthcare. Deerfiekl, 

20 1L) and then inoculated into the lumen space of a hollow fiber btoreactor (Hf BR, 
Ceihnax, Artificial Capillary Module ibr Lymphocytes. Celteo. Geonamowm 
MB) with a total lumen volume of 1 1 ml 

After 24 hours, the cells were transduced with retroviral vector L2SN that 
contained the c'DNA encoding human tduronate-2«su!fatase under the 

25 transcriptional regulation of the LTR and the neomycin phosphotransferase gene 
regulated by the simian virus 40 (SV40) early promoter (Pan, 1997). The cells 
were transduced once get day for the next four days. After approximately 4 days 
of culture tn the BFBR, the cells were harvested and inoculated into a KF.8R 
with a total lumen volume of 60 ml to permit further expansion of the 

30 genuicaii} meddled FBI s Fin, ueiK oen cultured tm ,,n audiuonal 7 Jess m 
tht l.rge 11FBR and then ban e.^ted w ashed and admursteted a, a part at a 
ehnedgciemuns mJ Tit o ifittu' nln h 5 1 L Utus u 
i Itu e in the t i n m< lar c HI BR la tec. 1^ d ys (S roneel et al 1 )99) 

25 
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Cells in excess of the specified dose far the clinical (rial were used in the 

following experiments. 

AoimuoiLOi£BLs 

PBLs firom uormai donors wore activated using a brief period of or vivo 
5 culture. Hie PBLs obtained from de? h t !k 1 eparadoo were restBpended 
in AIM-V {Gibco} at a density of 10 x 10" celtem! in a tola! volume of 100 ml. 
The culture medium was supplemented with rhi'L-2 at a concentration of 1 000 
TU/ml (Chiron). The ceils were incubated for iS hours at 37°C and 5% CCd. 
Control cultures were also maintained under the same conditions (cell density, 
10 AIM-V culture medium) without exogenous IL-2 added to the cultures. 

pxe e ' ■ . . 

The response of the MKCs to a fwe e-tuo cycle was determined 
through a series of cormoiied-rane freezing experiments. The MNCs were 
certtrifuged at 500 x g for 1 0 minutes and resnspended m a selected 
15 cryopreservation solution. The final predfseze eel! concentration was specified 
to be between 20-50 >; 10" ceils/ml. MNCs were dozes) m 2 ml cryovials (Nunc, 
NapscrviUc, ID or eryoey te->0 hags (working volume of 1 0 ml). Approximately 
if) mi of eel! suspension was transferred into a freezing bag (Cryocyte, Baxter, 
Round Lake, il) and sealed (Sebra Tube Sealer, Sebra, Tucson, AZ). The bag 
20 was placed m a press and placed vertically in a controlled rate freezer (Planar 
10-10, Kryo Med. UK) 

The bags were dozen by cooling the sample from room temperature to 
0W ' at OTCunmute. The samples were then held for 1 .5 minutes to permit 
equilibration The samples were then cooled at CCamnute to -T c . 
25 m d tfimtf to l-S'T mi dlo ed to s ro it 5°C nmui U 12d to facilitate 
of £ lb extracellular solution Ih samp) were then rozes t the 
specified cooling rate { 1 to 10 c Ctumaute) to a temperature of-60°C. then at a rate 
of aX/mrathe from TfdC to - 1 OOTT After reaching -100 a C, the samples were 
remmxd 1 >m the oontjoikd rate -u; ei nJ placed m j 1 mud on ogeu borage 
30 dawn f Model \i C-2 h\ M\ Y Bin nw.Vi M\ i At a mue no greater rlnm 
o months \n nh an a\ ei we of ,g > o n , -g\ > vwu - ti, lcJs vu-i t removed 
from stomge and thaw ed t!k s.m.pk \\ as piacee; m a 5"T \\ ater bath and 
gem!;, agiuued mud T! \usdde ice „r. -ads had disappeared. The cells weie 
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transferred into a sterile centrifuge tube and an equal volume oflMDM was 
added to the cell suspension to dilute the cryoprcservation .-dudon. 

Additional studies were performed to determine the post- thaw viability of 
ceils frozen m a rcumu freezer i -'K For these studies, approximately 10 
5 ml of cell suspension in the solution of interest was added to a Cryo-Cyte 50 bag 
(Baxter, Deertield, II ). The bag was heat sealed iSebra Tube Sealer, Tucson, 
AZl placed in a bag press and inserted una a metal tram, located m a - 80*C 
mechatueai freezer (Hams Scientific, Rochester, NY}. The metal frame was 
placed vertically in the -80X mechanical freezer and supported at the bottom by 

1 0 a Stand made of styro foam. The frame containing the bags and presses was not 
in contact with the bottoms, sides sr top of the foCh'C freezer and no other 
products were touching the rack containing the bags during the freezing process. 
This protocol was developed to reduce uncontrolled heat removal from the 
samp' md enhance ha eproducibd of the freezing, protocol For specific 

1,5 experiments, she hag press was insulated to reduce the cooling rate of the sample 
m the bag. Bags containing the cryopreservation solution of interest (but no 
cells) were instrumented with thermocouples. The temperature as a function of 
time for each sample was recorded and analyzed alter completion of the freezing 
process The cooling rates that could be obtained using uninsulated and insulated 
20 bags was approximately t ,4, 3.8 and 6.3ACmunute. This range of cooling rales 
was comparable to those tested using the controlled rate freezer. 

immediately post- thaw, the viability of the ceils was determined using 
fluorescent dyes (Aendme orange and propklium iodine, .AO/PI}. 

.25 Approximately, 5 pi of cell suspension was diluted with 95 pi oflMDM. Equal 
amounts of eel; suspension and AO/ PI solution (Sigma) were added and the 
sample was placed on the hemoeytomemr and counted using fluorescent 
microscopy (Zeiss). Samples thai fluoresced green were considered viable while 
those ee"a d at hi: urn < o g>„ n, oo wTo.mwu able >< oaemnmng the 

30 total number oi cells u ohm a eocn agjon m tin. iununmmmuu end, the total 
nnmm of cells (dead and a ive) was de ermi led 

The viability of the frozen-thawed cells was also determined 48 hours 
post maw Pan mus studies asmg fredds v.fitu ec : h bom a 0-uot c U H Vp\ 
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fl thai were cryopreserved, thawed, and then cultured and iransdueed, indicated 
that the post-thaw viability of die cells was at its minimum at 48 hours post-thaw 
I Shank an i 99 7). Thus, the viability measured at 48 hours post-thaw is the 
minimum viability expected. The post-thaw cultures were performed by taking 
5 approximately 5 % 1 0 : " cells from the eel! suspension and pelleting the cells at 
500 x g for 1 minute. The supernatant was removed and replaced with I ml of 
culture medium consisting of RPM.l 1640 (Gtbco) supplemented with 5% fetal 
bovine serum (Gtbco } and 20 rnM 2-mercapto-ethanol (fdME). Abquots of 200 
ui were trans feired to triplicate wells of a 96- well tissue culture plate (Costar 
10 Corp.. Cambridge. MA) and incubated at 37 C: C and 5% CO, After 48 hours, foe 
plates were removed from the incubator. lite cells were resuspended using a 
pipette and the viability and total cell counts determined using a hemacytometer 
Bata.analyats 

St to t i analyst i in 1 i \ j j a' >rm d usb S U\ i w Ov i c 
1 5 (SAS Institute, Gary. \L ) \ i fofot iJ cell receiver}' were analyzed us in a an 
unpaired t-test. 
Result ^ 

Cxy0pjt-£^y.a.Uflim(:£Bts, from alarms! Donors 

The development of a cryopreservation protocol for lymphocytes m 

20 solutions containing AG requires the determination of solution composition and 
cooling rate for these cells. The influence of composition changes m the post- 
thaw viabilii fly >h i jsin li eni A 1 st yop n ui 1 
solutions Of able 1 } w as determined. The optimum concentration of AC was 
d e t e i * 1 x i i j cerol in iMI 1 

25 varying the AG concentration i ultrarefmed AG was obtained from Larex Corp.. 
St. Paul, MN) TOe cooling rate for these experiments was kept constant 
fo L minute) The overal recovers d i tied as tin nimbct vi bh cells 48 
hours post-thaw divided by the number of viable cells initially as a turiction of 
\C eonce? uutnm wa- deLmaux thin e G ifo^ >. s 1 .uds t > u tor tin 

30 m 'iy* aid an <.! jG o uoosm >n n si * 5fo \t ^a\ me voncenrauon 
socnte^ wf i mies \ P pi s < < <u ^ smposia n> mAed I be 
d-tt.i nee u owmh aouf^ b.Owen Of ^ aid 'uw ^ 0, Aw ^ercmu g.n • ,, 
statistically sieiii Oeata to o<<< > I his composition also permitted 

m 
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ntrii 1 titration of the sol > t < 

sterilization and $pi t r ion. of AG into solutio i a t ladon 

f bus, from both a olutu ice < and post haw pro sing indpotnlpthix 
concentration of AG was favorable. 

I" Tgg&i 
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The cryoprotechve benefits of proteins, such as HSA, in the 
25 cryopreservation of hematopoietic cells is well documented. Traditionally, 
autologous serum or MSA has been used in cryopreservatioa solutions for 
hematopoietic cells. Nevertheless, autologous serum may be removed during or 
vivo manipulation of cultured, genetically modified cells. Moreover, autologous 
serum may not he appropriate for use in eryopreservadorj of a cellular therapy 
30 for certain diseases, or due to the presence of residua! drugs. Although HSA is 
the most, frequently used source of protein in cryopreservation solutions when 
autologous serum is not available (Rowley, 1992), diss source of protein is 
relatively expensive and may represent a potential source for the transmission of 
disease agents as h is manufactured from pooled sources. 
35 fp- determine the optimum cone it ration ofHSA in a cryopresen don 

a t n <. G \ i I ^ n t foi ul u i i ^ i k 

comparable survival to those containing VG, t d « pos ion vers 

studied < 1 ) 25% -\G v ub ot - mo, ', I r -G \, am <2 ) 25% \G and V « 
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glycerol otm or «H! em 1 > HS \ to o. cuGmg tute i ( 5 C mmute. ceil 
.recovery as a function of HSA composition was determined for the two solutions 
of interest (Figure 2) Tb , in overall recovery with -and without BSk 

ncn «u tt. T Significant for both 0% glycerol (p n4Mi) and 1% 
5 glycerol (|v=0.9l 36). These results indicate that solutions comatmng AG do not. 
require HSA. 

As indicated previously, there is considerable interest in lymphocytes for 
human therapeutic purposes. Previous studies have used a tissue culture 
medium, FMDM as the base for a ir- > pi .sen urn* i solution. Other studies have 
tO shown that, balanced electrolyte solutions routinely used for human infusion can 
he used as a base tot eryoprsservaiior, solutions (Fraser, 1998). To compare the 
post-thaw viability for solutions containing 1MDM and Normosol-R™, a 
solution approved for human, infusion of PBLs, PBLs were resuspended m a 
solution containing 3 v/v % glycerol f 15 \v;v% AG and i'MDM or Normosoh 
15 R™ us the base of the eryopreservauoii solution and frozen. The cell recovery 
for the solutions using the two different bases was slightly higher for solutions 
contahung NormosobR™ (Figure 3), The differences in nihility were 
determined to be statistically different <p=0..0665). These results indicate that 
using NonnosohR™ results in higher post-thaw viabilities. 

M : In many hospitals or clinics, eontroiled-raie freezers are not available. 

Cells are typically cryopmserved in mechanical freezers (-SOX) using 
uncontrolled cooling. The cooling rates m a mechanical freezer at -SOX are 
comparable to those used m previous controlled rate experiments { 1 - 
? ! -C'minufe,i. The cooling r.o achieved for a 1 0 ml sample in a (myocyte bag 

25 contained m the metal press/racking system described above was approximately 
(ATTmmute. if additional layers of insolation were added, cooling rates of 4 and 
1 C minute could be obtained 

PBLs resnspended m a solution containing 3 v/v% glycerol - 15 sv/v% 
AG - Normosol-R™ were frozen in a -Sn r O mechanical freezer. The samples 

.30 were hozeo m uninsulated or lightly insulated hags to achieve a ranee of coding, 
rates comparable to that studied m the coma oiled rate freeing studies. For 
eonpaoson ewlisveo j nl s Nh^O^Gu fra \ osttl «• 
eel recovery % cells frozen at approximate!; 4t mmute 1100 ± 24%! was 

.30 
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t i t i i imcso tt-ton in >, comrolisd-raie- freezes 

at a cooling rate of 5*C/ininute (95 * 9%) ( p « 0,702). Freezing of the PBLs at 

gher co' i • - i < 1 r i - < t , ' sbserved 

significantly (p - 0.015) (Table 2). The cell recovery using tin; AG-based 
5 cryopreservation solution was comparable to that observed when the cells were 
cryopreserved in 10 v/v% MeySO solution m a mechanical freezer (p - 0,941). 
These result mo cn. that the- solutions can be used >a mechamcai md 
controlled -rate freezers. 



10 Table 2; Cell recovery tor PBLs from normal donors eryopreserved in a 

mechanical freezer at -T0C? using different solution compositions and effective 
coohng rates. 
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Table 3: Cell recovery for control cultures of PBLs or activated PBLs 
oyopreserved using two dfrYererst protocols. 



Activated Cells Centre: 



B 

Solution (X/mmute) Cell Recovery (%) Cell Recovery {%} 

i 5 wC % AG i a v/v% S 74 ± 9 (n - 3 } 62 * \ <n 3} 

glycerol + NormosobR™ 

t"- y . H« ^ ' N'.nt i HU ± 2 h(n=12) t(»*33<n«12 ) 

C < ■ t I f ~ , « ) " ~ i „ > ~ • 

activated cells. 
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Table 4 Overall meem vi\ of rr> c ■ rhao ed gemtual > nuxhfied P&L s from a 
donor wnh MPS 11 and freshly isolated ceils from a tiormal donor. 



Patients with Normal Donors 

MPS 1.1 

B 

Solution CC minute > Cell Recovery (%} Cell Recovery (%) 

"J 5 w/V% AG + 3 v/v% 5 62.2 .k 63 80,8 i 15,7 
glycerol MDM 

KfryDMSO i 31.7+32.1 41 ^3 
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immunotherapy protocols in development and crimeal use may require 
short- term culture of the ceils for activation or other modifications. To test the 
freezing response of the lymphocytes after short- term ex vivo culture, two 

15 different protocols were tested: (1 } 1 0 v/v% MmSO + MDM with a cooling rate 
of I C minute; and (2) 15 wa ,» AG ■< 3 * V glycerol NomiosohR™ with a 
cooling rate of 5Hfnnmute. Ceils from the same donor were divided into two 
different aliquols. The ceils from the first aliquot were cultured in the same 
media without the presence of exogenous 1T..-2. The second aliquot was 

20 activated using the protocol described previously. After 1 8 horns ofe* vivo 
cultures, both samples were resuspended in die cryopresetvauoo solution of 
interest and frozen. The cell recovery from these samples is summarized m 
Table 3. These results indicate that there is no statistically significant difference 
m the post-thaw viahthty of the cultured cells and activated colls. In contrast, if 

25 PBLs arc cryopreserved freshly isolated or cultured for three days using the 
protocol described previously, the postthaw viability of the cells increases for 
both of the protocols evaluated (Figure 5), 

Recent studies suggest t; t ex viva culture of heraa poietic cel.! 
30 Ob'tme th r nnlm o v oh- md t, > . man m,„s-,.. 1 1 ubu lo o, 

Genetically modified cells from doitoi with MPS II vere ei opn sn On ruy 
M>m f ot;,0 t M i OabuKeoOimebs f om i uuai h n ihrnmlhc m^ 
f 1 .o ( ticalh modified cells from a cio.no \\ tth MPS 11 was less than 'ha! 
observed tor fresh!} isolated cells from a norma! dor « (Tabled) In mdi r to 
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determine if optima; freezing conditions are different for the genetically 
iv> diiied cells at t >J ng rates 

ranging between ind iff Cfrnmuf H lostthm cell recoveries observed 
using the range of cooling rates studied were no greater than that observed at 
5 5 C'truntUt increasmg the concentration of glycerol slightly to 5 v/v% 
increased postthaw cell recover observed (77 • 43%). 




30 Al! freezing studies were performed using umbilical cord blood obtained 

from normal donors with informed consent and approval from the local 
institutional Review Board, bi order to remove contaminating erythrocytes as 
weli as autologous plasma bom the sample to be frozen, the product was purified 
using ,i density gradient separation technique. Briefly, 5 mi of Histopaque 

1 5 (Sigma. Si. Louis, MO) was added to a i 5 mi conical tube. 'She product was 
dd uttd m u I 5 ratio ouh pnosphate bubereu vaime solnt >, u r»r„dev< th< 
Histopaque. The tubes containing the apheresis product and Histopaque were 
spun at 500 g tor 30-45 minutes. T he band of mononuclear cciis at the liquid- 
liquid interface was removed and used lor the subsequent freezing experiments 

20 after one step wash. The resulting mononuclear cells were resuspended in she 
eryopreservauon solution of interest and placed frs either a freezing vial 
(CryoviaJ Nunc Naj ervitte 11 tot a use Cryo-t ytt Baxter Round Lake it i 
to a final cell concentration of approximately 30 x 10 f! cells/ml t range 20 to 50 x 
1 0° cdis.'mO. 

25 Cwh . g» i Rsuig liis 

Fh soli i ons tested co ttas ed IMDM m krnm ,v i o *h \G bam at 
serum albumin and glycerol in various concentrations 
Iliayvirig 

AK-i comptetso i <d t " - -hi <■ v\em rune^ed uom 

30 the tott'i i,^. . bqw 1 h 1 n v Movi 

\t< 2 0 MM Bfr'>omggo' M\> fr nunc >f no reai mi at 1 -nonths 
ft' hanavcra ,eol itr^i n U\ 2 n^ ht ceil vewx runs, i mnu storagt 
ud h « ed Fhc th wi igof th< sat n>b was ; rfon sed o placi m the 5 on it in 
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a 3? °C water bath until ad visible tee crystals had disappeared. The thawing 
protocol developed was designed to result in a rapid thawing of the sample 
intended to minimize recn'staiHzatson or osmotic injury experienced during the 
rewamung phase of the protocol. 



A variety of :« vuro v Amhty assays was performed in order to assess the 
viability and percentage recovery of stem cells. A iter completion of the thawing 

' ' uh >ed u sy> 5 ensure even 

distribution of ceils. AHquots from the thawed sample were removed and used 
1 0 to determine ( 1 ) membrane integrity of the cells using fluorescent maskers. 
Acridine Orange (AO) and Propidium Iodine (Pi); (2) total ceil counts usmg a 
hsmoeyiometer; fa) proliferative capability of cells in a m e thy] eel hi lose culture. 

Briefly, in order to determine membrane integrity usmg AO/PL 5 ui of 
cel l suspension was diluted with 95 ui of IM.DM. Equal amounts of cell 
15 suspension and AO/P! solution (Sigma, St. Louis, MO) were added and the 
sample was placed on the hemocytometer and counted using fluorescent 
microscopy (Zeiss Axioskop. Germany). Celts that fluoresced green were 
considered viable ft bite those eelis were redwrange were considered dead. By 
determining the total number of cells within a given region of the 
20 hemocytometer, it is possible to determine the cell concentration which when 
multiplied by the total volume results in the total cell number m the sample 

in order to determine proliferative capability of the ceils : an aliquot of the 
sample was spun at 500 g for 2 minutes and the supernatant removed. The pellet 
was resuspended in IMDM to a final concentration of 2 x 10" viable ceils/ml 
25 Subsequently, 20,000 and 50,000 ceils were added to 1 ml ofMethoCult (Stem 
Cell Technologies, Vancouver, BC), methyicclruiose culture medium for stem 
cells The mixture was supplemented with IMDM + 2% Fetal Calf Serum 
(Gihco, Grand Island. NY), mixed arid pipetted into 35 •< 10 rout peiri dishes 
(Falcon, Plymouth. England) Hie cultures were then placed m a misted air 
30 UKiibatoi for 2 hoJ - eui vukm v t mi ttwn Wi mn-nmcf, (Vkmhvc s 
eoredlVOO m\?.< ; oi IM arc Bl I -E lhv total number of i <m 
« n a'so KOunicci f.u ea-t < „f wo < unttot the mfai t owm oembet toi 
given seeding density was determined. A similar set of colony assays was 
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perforated on the pre- freeze sample as a direct control The percentage colony 
recovers' was determined by di viding the total number of colonies counted post 
freeze- tha by that obtain in [ product tor the same eel seeding 

density These assays permitted the determination of die total viable cell yield 
5 (total viable number of cells post ffeeze-thaw divided by the total number of 
viable cells pre freeze-thaw), the cells expressing membrane integrity and the 
proliferative capability of the cells. 
Resulis 

The results shown in Table 5 indicate that hematopoietic progenitor ceils 
1 0 can be effectively eryopreaerved in solutions containing AG. 



Table 5 



Solution 5 15 


S( C/mm) 


% MNGs viable 


% Colony Recovery 4 " 


15% AG-H%v/v 
MSA 


10 


7b 


24 A. 1 


LV:oAGH%v/v 
glycerol*. 1 %v/v 
HSA 


s 


88 & 1 


in* 28 



'"base of a solution is tissue culture medium. 1MDM 
20 total number of colonies posfthaw divided by die total number of colonies 
< bun*. 5 bom < itesh amp < h. f >< lk . a nu imo n t di m de ^ t dk 
colonies is 50,000, 

Abe et aL 1 Vkoi, 22:61 59 (1998) 
25 Areman et al, Bone Marrow Transplant 203 (1 990). 

Areman et al, Tr^fuskta, 2S.J 5 1 ( 1988). 
Bon£,Ma t ilet ilih j auai 

leclMilQU.es., edited by Areman et ah. p.. A. Davis Company 

(1992). 

30 Biaese et al , Science, 210, 47.5 n 995 h 

Romm et al Sacacc, 21c. J -I'M ^' 
Bmnoenett \„ 1 -\ + ,;ioo» 
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i Wanpbn, J , lka e. a - , i 53-t ( 1 095 i 

Davis et al.,Ebod : 25.. 781 (1990), 

Fahy et al., Li\ucwiiiiiv 22: 247-268 (1990). 

Frasar et at, UfemtOlllSI., 2, 52 3 (199S). 
5 Huh J Crygbiotagy. M, 1 40 { 1 999). 

Kawakami et al, l.lniiaimatlii'i.., 2.1, 23? (l«9S), 

Koente et a?., NatmcMediekie, 1- 330 t 1995). 

Kolb et ai., Dimm liQ piB, O ncoL 9, 139 (1997). 

Mochizuki et ai., J, Virol., 22- 8873 (i99S). 
10 Nei. CrvahlobgAu IS, 229 (1.981). 

Noga f LkiiiatQii rapj i * '92) 

Okaoioto ei ai . ini^u^uu 21 5?S ( E99 IK 

Pan. Ph. O. Thesis, Prnversny of Minnesota (1997) : 

Pegu, CrxiihiDiag)-, 2, 4 1 i ( 1 971). 
({$■■■ Prcn u.. L±k h iy:,2 

Rosenberg « a! , iU^JLMiil. life- 889 (WW a) 

Rosenberg et ai., SJEagLJ, M&L. 219. 1676 (1 VS'?b) 

Rosenberg et al , N..EagLI.Med.. 213. 1 485 (1985). 

Rowley et al, Bisifii .822 2?3 1 ( 1994). 
20 Rem ley. L.ikmiiloiterap.y. 0233.(1 992 ) 

Shankar ei al, Iraasfusion, 22 685 (\997l 

vStroocek et al, Illusion. 32. 343 ( 1 999a). 

Srroncek ei a! lam i 3.1 521(199 .1} 

Torpey et ai., C.lin..Immtt&<^ OS. 263 ( 1993}. 

25 Tnckett et al, LMDS mU3wL&axL, .12. 329 (1 998). 

Veriaiilte. el al, /..fcxp.MetL 122, 509 (1990). 

ZambelH et al, 22£likaiieer..Rffii, , .112 4705 (1998). 

0 is understood that, the above description is intended to be illustrative, 
not iesmcuu Othu eml timer's «. <tl h i.va^m u rbo-„ <>\ h'hnfht n 
30 y\v.r! fbe* isoh su c prm £ Ld hcte-r, h\ t h. • \enr The scope of the 
true ttion should, the loo indue tionn '\ 'in ,\<cn<._ n> 0 rpi sded 
clams, ajonj. wbb the bJi scope ot 'equivalents to winch such clems are entitled. 



All referenced publications, patents and patent documents are intended to 
be incorporated by reference, as though individual*).* incorporated by reference. 
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WHAT IS CLAIMED IS: 



rctmmmm 



1 • A cryopresenohon medium for hematopoietic cells comprising a 
balanced electrolyte solution incorporating at least one cryoprotectrve agent thai 
is arabinogalactam or a biological or functional equivalent thereof, wherein the 
5 cryoproteclive agent is present m an amount that results m a high survival rate 
for the ceils. 

2. The eryopreservtd m medium of claim I wherei the ceil are peripheral 
blood lymphocytes. 

10 

3. fhe cryopreservation medium of claim i that composes afabmogalactan. 

4. The crvopreservauco medium of claim I further comprising a 
cryoproiechve agent that penetrates the cell membrane. 

5 . The eryopreservanon medium of claim 4 wherei a the cryoprotective 
agent that penetrates the eel! membrane is glycerol or propylene glycol . 

6. The cryopreservatioo medium of claim 1 further comprising a 

20 cryoprotective agent other than arabmogaiactan or a biological or functional 
equi valent thereof which docs not penetrate the cell membrane. 

?. The cryop reservation medium of claim 1 wh ich does not comprise 
protein, 

25 

h\ The cryopreservation medium of claim 1 which is infusible. 

9. The cryopreservation medium of claim I which does not compose 
dimefhvSsulihxide 

30 

1 fh cntp sen i< m hi uJimi hen do. n o i m *s . » 
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11 The cryop rest nation mc 1 urn ol claim 1 vchemm the cells are human 
cells 



1 2. The cn f oprese.rvai!QiT medi um of claim i vyfierem the. cells are nom 
5 human veitebf ite ceil 

13- The cryopreservatiofl medium of chum i wherein the hematopoietic cells 
m eshJ ! 4ated lymphoi » tern eils it sted I pi > : geuehcaih 
modified lymphocytes, or a combination thereof 

10 

1 4. A composition suitable for admmistration to a human, comprising a 
suspension of hematopoietic cells in a cryopreservation medium comprising a 
balanced electrolyte solution incorporating at least one cryo protective agent that 
is arabmQgaiactam or a biological or functional equivalent thereof 

IS- 
IS. A composition comprising a suspension oi hematopoietic ceils in a 
cryopreservation medium comprising a balanced electrolyte solution 
incorporating at least one cryoprotective agent thai is arabinogaiaetam or a 
biological or functional equivalent thereof. 

M 

16. The composition of claim 14 or 15 wherein the cells are peripheral blood 
lymphocytes. 

17. The composition of claim U or 1 5 wherein at least one of the 
2.5 ryop f il via. 

15. The composition of claim 14 or 15 further comprising a cryoprotective 
agent that penetrates the cell membrane. 

30 ]9 < u votmmom>n of e hi i 18 wherein the ci tprofc tit gent thai 
penetrates the cell membrane is glycerol or propylene glycol 
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20. The composition of claim !4 or J 5 further Comprising a eryoprotective 
i n h o arabii i i biological or func . 1 qi lent the re 

which doc s i ' < t i t . i - ubrane, 

5 21. The composition of claim 14 or 15 which does not comprise, protein. 

22. The composition of claim Hot IS which is infusible. 

23 The composition of claim 14 or 15 which does not comprise 
10 dimethylsulfoxide. 

24. The composition of claim 1 4 oi 1 5 wherein the ceils are human ceils. 

25. The composition of claim 14 or 15 wherein the hematopoietic cells are 
1 5 isolated lymphocytes, stem cells, activated lymphocytes, genetically modi fieri 

lymphocytes, or a combination thereof 

26. \ o cm id fo.t prose ving h man p nsxk < ells comprising 

(a) contacting the cells with a cryopreservahon medium comprising a 
20 balanced electrolyte .solution and at least one eryoprotective agent 

that is arabinogalsctan, or a biological or functional equivalent 

thereof to yseid a cell suspension; and 
fb i freezing the ceil suspension to yield a frozen cell suspension. 

25 27 The method of -claim 26 further comprising thawing the frozen cell 
suspension under conditions that maintain eel! viability. 

28. The method of claim 20 wherein the ceils are human ceils. 

30 29, The method of claim 26 wherein the cells are freshly isolated 
lymphocytes stem cells acti ated 1 mpht ytes, t neticalh modi tied 
l\mpnov\tes, or a combination thereof. 
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30 Fhe c >Ueral blood 

lymphocytes. 



3 1 A frozen composition comprising i) a balanced electrolyte solution, h) ai 
5 least one cryoprotective agent that is arabinogalaetar,, or a biological or 
Functional equivalent thereof; and in) hematopoietic cells. 

'32 A iw.cn hematopoietic ceil -con; ami og consposihon made according to 
the method of claim 26. 

10 

33 The cryopreservauoo medium of claim 5 wherein the eryoprotective 
agent that penetrates the cell membrane is glycerol. 

34. T he cryopreservation medium of claim 33 wherein five concentration of' 
U glycerol is shorn 1% to about ?>%, 
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